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SUMMARY
This report is intended to provide sufficient instructions for interfacing
the Mangler-Smith, leading-edge vortex-rollup program with a vortex lattice
(POTFAN) method and an advanced higher order, singularity linear analysis for
computing the vortex effects for simple canard-wing combinations.
INTRODUCTION
Lifting surfaces generate vortices that can strongly influence their own
aerodynamic characteristics and those of nearby surfaces. Because many air-
craft fighter configurations permit and even attempt to take advantage of such
vortex-surface interactions, it is important to be able to predict the effects
of these interactions. A technique has been developed that combines an approx-
imate solution for the leading-edge separation and vortex rollup off highly
swept lifting surfaces with two linear-panel methods to predict the vortex
interactions.
This manual is intended to demonstrate how to interface this leading-edge,
vortex-rollup program with a vortex-lattice (POTFAN) code and an advanced
higher order linear analysis referred to as the advanced panel code (APC). A
brief outline of the leading-edge separation, vortex-rollup analysis, and
method of solution are also presented.
MANGLER-SMITH METHOD
The leading-edge separation and vortex-rollup analysis presented here is
used to obtain a geometrical definition of the separated sheet and subsequent
vortex rollup. By using this geometrical definition, we modeled the vortex
sheet in the linear analyses.
The theory (refs. 1-3) assumes slender-body conical flow in the cross-
flow plane, giving a two-dimensional Laplacian as the governing equation. This
means that the flow field at each cross section is independent of the flow at
any other station and that variations in the stream direction x are much
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smaller than those in the other directions, at least near the body. Therefore,
the full potential 4^ satisfies the equation
(1 - M'2)Sxx + 0 y + 0 Z - 0	 (1)
where the first term is negligible for highly swept wings. The general solu-
tion of equation (1) is of the form
O(x,y,z) - Ux (Cos a) + U z (sin a) + O(x,y,z)	 (2)
where U is the free-stream velocity and a is the angle of attack. The
perturbation potential ^ and its derivatives vanish at infinity.
Combining equations (1) and (2) shows that 0 satisfies the two dimen-
sional Laplacian
^yy + ^zz - 0	 (3)
The conical-flow assumptions also mean that x must appear as a parameter in
which must therefore be expressible in the form
^(x ,Y, z )	 xoo(x , X)	 (N)
The equation of the free vortex sheet in cylindrical polar coordinates
(fig. l(a)) is assumed to be of the form
S(x,r,6)	 = r - sf(A) - 0 (5)
where	 s	 is the wing semispan at some 	 x	 station.	 So that
s - X cot A
where	 A	 is the leading -edge sweep angle.	 Two boundary conditions are applied
to the sheet:
1.	 The vortex sheet is a stream surface, so that
(U cos a + 0x ) Sx + -t Sr + 0 Sn - 0 (6)
Assuming
	
I'DX 1 « U, equation (6) in conjunction with equation (5), becomes
0
xn^
- s inX (7)
2. There is a zero pressure jump across the sheet, so that
ACp 0	 (8)
^t ,
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Using Bernoulli's equation
Cp	 U x - U ( jy2 + 0 z2 )	 (9)
and therefore
ACp , 0 a"x U - A(^y 2 + mz 2 )	 (10)
but
goy2 + 0z2) - aoa2 + 0n2) - 2(0a) AO 	 ( 10a)
m
where the subscript m denotes the mean tangential velocity across the sheet.
Again, from equation (4)
^x x x y x z	 (lOb)
4ox ' X o0 - X A (y$y + zo,/ x AO r cos XA(^1
	(10c)
By substituting equations (10a) and (10b) in equation (1), the pressure condi-
tion reduces to
A^ - A^ r cos X _14
a [ 
	
(11)
m
Figure 1(b) shows the cross-flow plane Z - y + iz at some x-station.
The free sheet ABC from the leading edge A terminates at C, where the spiral
rollup begins. For purposes of estimating the leading-edge wake shape, all
the vovticity within the spiral can be represented by an isolated vortex of
strength 2nuUaR/'x, situated at the center D of a small circle of radius R,
which joins smoothly the free sheet at C. Using equations (7) and (11), we
can show that the equation of the spiral as ;t approaches D is given by
r' - 9
	
(12)
where (r', 9') are polar coordinates relative to D.
The calculations are carried out in a transformed plane Z* with the
transformation (fig. 1(c))
Z*2 = ^2 - s2	 '13)
in which the vortex sheet is assumed to be represented by a circular arc
A*B*C* of radius rl, and length 2r i 8, and the rollup of the fed sheet is
assumed to be eg4ivalent to a small circle of rad.i s r2 and center D*. The
3
applied at R* and
m - -rU sin X
n	 x
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sheets join smoothly at C*. The transformation equation (13) enforces the
requirements that the flow must be everywhere parallel to the wing surface.
It is assumed that the vort,cty distribution on A*B*C* is given by
Y W - Yo + y  cos 4 - y  sin r, (-0 < ; < 0)
	 (14)
The seven parameters (r l , r 2 , 0, p q yo , y r , y i ) are determined from the fol-
owing seven equations derived from the boundary conditions and mathematical
compatibility requirements.
1. Because the strengths at A* of the sheet and its image in the imag-
inary axis must be equal and of opposite sign, then
Y = 0	 at A*(C - -0)
Yo + y  cos 0 + Y i sin 0 - 0	 (15)
2. The free sheet A*B*C* must Join the spiralling fed sheet smoothly
at C*, so that the strength is continuous at C* (4	 0)
2nUr2 !al 2
yo + Yr cos 0 
Yi sin 0 - x 1 -w
where the right side is the strength of the fed sheet at C*, al being the
distance A*D*.
3. The singular point of the transformation equation (13) is A*; there-
fore A* must be a stagnation point. Mathematically, this is equivalent to
the condition
era _ 2Ur2a2	 Y 	 Y 
180	 al s— - ,U 0 sin 0 + ttU (0 cos 0 + sin 0) - 0 	 (17)
where a2 is the distance from D* to its image on the 0*Z* axis.
4. There is a zero resultant force condition on the vortex system simi-
lar to that in reference 4. This is equivalent to the condition that the non-
singular part of the induced complex velocity at D must be KU/s(2Z D - Zc).
This results in two equations:
5. the normal velocity condition
4
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6. The zero pressure jump condition
A^	
Ado r cos ^ - U (^C )m .
'	 applied at B*.
The variables Yr , yi , u are eliminated from equations (15)-(17) to give four
µ nonlinear equations for rl, r2, 0 0 yo with
0 < r2 < rl ;	 0 < 0 < Tr/2	 (18)
These are solved through a least-squares minimization using the CONMIN optimi-
zation, package (ref. 5) .
STREAMLINE GENERATOR MODULE
The prediction of vortex rollup and vortex surface interactions for com-
plete aircraft configurations must be made numerically. However, numerical
methods require an initial estimate for the shape of the shed vortex sheet.
In certain cases (including in particular, the case of rollup from the leading
edge), the initial estimate must be reasonably accurate to guarantee conver-
gence of the numerical method in a reasonable amount of time. Furthermore, a
reasonable first guess might permit some useful results to be computed by
using the trajectories of the vortices as input to POTFAN or APC. The Mangler-
Smith theory provides such an initial estimate for the shape of the leading
edge separated sheet. To compute the flow field, the sheet is discretized so
that the separated wake is essentially modeled by a concentration of line vor-
tices, which are described using vortex quadrilaterals. The vortex descrip-
tion is thPl combined with a panel code in which the wakes are represented by
doublet panels, which are either constant in strength (POTFAN) or have a qua-
dratic variation (APC). To align the vortex trajectories with the stream-
lines, the corner points along the leading-edge wake are obtained by integrat -
ing the velocity field.
The streamline generator module used is capable of producing trajectories
of vortices shed from the leading, trailing, and side edges of lifting sur-
faces. Input consists of POTFAN geometry files describing the lifting surfaces
and data necessary for carrying out the least-squares minimization as described
by equations (15)-(18). Output consists mainly of POTFAN wake geometry files
for interfacing the corner points defining the wake trajectories with POTFAN
and APC. The streamline generator aligns the leading-edge shed wakes with the
streamlines by integrating the flow field
dV - (V N)N	 (19)
where V ins the resultant velocity as computed by the Mangler -Smith theory
and N is the normal to the vortex-sheet equation (5)
5
xn- (rR)e
N - GS -	
x	 (20)
Yx1 + (r - n)"
where ex is a unit velocity along the stream direction and (r,n) are the
two-dimensional position and normal to the trace of the sheet in the cross- 	 r
flow plane.
For the free sheet the normal is along the radius of the circular arc in
the Z* plane. The corresponding components in the Z plane are given by
the transformation equation (13). For the spiral-fed sheet, the equation in
the cross-flow plane is given by equation (13) so that
f (r' , V) 3 r' - ;' - 0
n - Gf - Zc (l + au
	
(21)
cI
Equation (19) was integrated using an improved fourth order Runge-Kutta scheme.
POTFAN STRUCTURE AND ORGANIZATION
The basic operational structure for the POTFAN system is shown in
figure 2 and consists if a batch of programs written in modular form. Each
of the modules is in an independent main program by itself. The modules com-
municate with each other through files. The control statements required to
handle the files are supplied automatically by the program through the mecha-
nism of command-format programming, which uses words or acronyms called
"Commands" to control the action taken by the program. In addition, the pro-
gram handles problems of variable size using dynamic memory allocation, thus
enabling it to cope with large problems using a fixed amount of memory.
The operations are initiated through the POTGEM module that creates the
geometry files for the lifting surfaces. POTWAK uses the information stored
on these files to create a wake file for the corner points defining the vortex
trajectories. VVIM then generates the influence matrices for the lifting sur-
faces while INFMAN adds in the effect of the semi-independent wakes to create
a flow field v. The boundary conditions on the lifting surfaces are calcu-
lated in BCDN. PSOLVE calculates the singularity strengths by solving the
system of linear equations of the form
v N -U • N
(U + v)N 0
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Finally, the forces and moments are calculated in POTFOR. Further
details on some of the POTFAN modules are given in references 6 and 7. To
run the program requires the following job control cards:
POTGEM. create geometry file
POTWAK. create wake file
VVIM.	 calculate influence matrices
	
1
INFMAN. add in semi-independent wakes
BCDN.	 calculate boundary conditions
PSOLVE. calculate singularity strengths
POTFOR• calculate and print forces and moments
7/8/9
Each card must begin in column 1. Any information typed in after the period
is considered a comment and may fill the entire card. The corresponding data
input decks are
7/8/9	 POTGEM DATA.
7/8/9	 POTWAK DATA.
7/8/9	 POTFOR DATA.
In column 1 7/8/9 is typed, leaving column 2 blank. The organization of the
data required for each of the POTFAN modules is described in the following
sections.
POTGEM MODULE
This module generates panel corner-point descriptions for the lifting
surfaces. It involves the specification of suitable coordinate systems for
characterizing the lifting surfaces together with automatic panel generation
schemes. Basically, the input to POTGEM consists of "commands," which arc;
usually followed by data. The couands direct the logic flow and the data
describes curves, panel distributions, singularity types, body rotations, ref-
erence lengths, etc. The output consists of printed output and one or more
geometry files. The geometry files contain the panel corner points, boundary
condition points, unit normals, and sundry other data. The geometry files are
used by the other POTFAN modules that require geometry or singularity data.
Some typical input commands and their general ordering are described
below:
TITLE
DSEGMENTC defines panels on each network
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CARY,SRI1 -- geometry definition
SL,SU,VL,VU -- network boundary definition
SLBC,VLBC — corner and control point distribution definition
GRID — prints distributions defined in 5.
RUSS -- rotate, shift and scale factors for network.
PANL --
DSFLAG •- type of shed vortex (t, ,Aadrilateral, horseshoe, etc.)	 .
UVW -- reads in unit wake vectco's
FINISH --
STAE stores the current geometry on a disk file or tape.
PRINT -- prints geometry file
STOP
A number of specific examples are given in the following sections illustrating
the sample cases that have been analyzed. The specific input requiring change
to run different but similar configurations is identified.
Table 1 illustrates the input deck for a flat delta wing of A - 1.5 and
A w 74°, with a root chord 3.4874 and semispan 1.0 (fig. 3). To run a specific
case, only the following .aids need to be changed:
Card 7 -- NBPS . number of panels in the S-direction (chordwise)
NBPV - number of panels in the V-direction (spanwise)
Table 1 shows that, with ray paneling, there are 16 panels in the chordwise
and 8 panels in the spanwise directions. For purposes of simplicity, a uni-
form panel spacing; is used. More general lattice arrangements are possible
and the interested reader is referred to reference 6 for the corresponding
input layouts.
Card 18 — VAR2SV root chord
Card 20
.
— Along the leading edge VL referring to figure 3, VARISV speci-
fies the limits within which x varies, while VAR2SV specifies
the bounds on the y variable.
Card 38 , — FLT(1) . reference area for normalizing forces and moments.
FLT(2,3,4) - reference lengths for normalizing moments about
Ox, Oy, Oz (fig. 3) axes respectively.
FLT(5,6,7) - direction cosines of the semi-infinite straight
wakes. If these wakes leave the wing plane at an angle a/2,
these numbers become cos a/2, 0, and sin a/2.	 '!
In the example, the wakes leave the wing parallel to its plane. Therefore,
the direction cosines are equal to 1, 0, and 0.
Card 40 — Contains the geometry file identifier that may be changed at
the user's discretion.
All integers are input under a 1615 format with floating point numbers under a
8F10.1 format. In addition, all command formats must begin in column 1 (for
example, cards 24-36, of table 1 and cards 37-57 of table 2).
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Canard-Wing Combination$
Tables 2 and 3 contain the corresponding input decks for the simple
canard-wing combination of figure 4 and reported in reference 8. The canard
and wing are assumed coplanar. The wing semispan is 25.4 cm with a mean Sao-
metrical chord of 23.31 cm and area 516.1 cm 2 . The following cards only need
be changed in table 2 for the canard geometry definition with standard panels
(figs. 4 and 5):
Card 5 — NBPS - number of panels in the S direction (spanwise).
NBPV - Number of panels in the V direction (chordwise).
In the example there are 10 panels spanwise and 5 chordwise. Note that the
S, V directions are interchanged (figs. 3 and 5).
Cards 19, 21 — the variable VAR2SV defines the range of variation of the
y coordinate of the leading edgo.
Cards 23, 24 — along the leading edge VL, VARISV - range within which
the y-^oord pate varies, while VAR2SV specifies the
correavolAing values for the x variable.
Card 26 --	 along the trailing edge VU, VAR2SV - range within which
x varies
Cards 34, 35 — RSHIFT(2) - y-coordinate of the old origin in the new
system obtained by suppressing the fuselage.
Cards 53, 56— the direction cosines of the semi-infinite waksas from the
trailing and'side edges.
In table 2, these leave at an angle of 20° to the canard plane.
Card 59 — FLT(1,2,3,4) - as defined in table 1.
FLT(10) - x coordinate of point about which moments are taken.
The default value is 0 in table 1.
A similar setup prevails in table 3 for the wing, where the cards needing
change are:
Cards 5, 19, 21, 23, 24, 26 — changes analogous to those in table 2 for
the canard.
Cards 39, 40 corresponds to cards 34 and 35 of table 2.
Card ,45 ^-	 this defines the point on the wing leading edge at which
separation begins. This is defined in terms of the cor-
responding spanwise panel on wing.
Cards 58, 61 — corresponds to cards 53, 56, of table 2.
Card 64 —
	 corresponds to card 59 of table 2.
In table 3, separation begins from the 11th panel. This is slightly outboard
of the canard. If the panel number were 10., then separation from the wing
would begin at the point of intersection of the canard tip line with the wing
leading edge.
9
ICard 32 -- the AVLC command adjusts the corner and grid-point descriptions
of the WArsections of the wing leading edge with the corner-
and contkil-point gria lines. The required nondimensional
corner-point location XADJ is calculated from the formula
XADJ - 
2 0orrected y coordinate of canard tip\ 0.5
wing semispan	 !!
This number should lie between (-1, 1). The corner point nanr-
eat the XADJ will be made equal to XADJ.
To calculate the corrected y coordinate of canard tip, POTGEM is run on a
stand-alone basis for the canard. A partial listing of the corresponding
POTGEM output is shown in table 4 under the heading PANEL CORNER POINTS. The
suffixes I, kil denote the spanwise and chordwise variations respectively,
with J - 1, corresponding to tlie leading edge of the canard. The
y-coordinate of the last panel point (I - 11) is the required point. Its
y coordinate is 13.1121951, so that
XADJ - 
2 ( 13.1121951 ) - 0.5 - 0.214654479
`25,40 - 3.81
As an added check, the corresponding y coordinates up to I - 11 for the
POTGEM wing program must be identical for the wing and canard, The spanwise
panels for the canard and wing were generally selected according to the rule 	 ,
(NBPS)c - canar_d semispan
(NBPS)w
	
wing semispan
POTWAK Module
This module generates the corner points for the vortex trajectories by
solving the equations of the Mangler-Smith theory. The leading-edge wake-
corner points are generated by an improved Runge-Kutta numerical integration
of the flow field equations 19. In addition, there is a graphics capability
for the display of the vortex trajectories. The program expects the following
data to be entered by the namelist $DATA.
NSEGS — number of segments for discretizing each wake line from the lead-
ing edge. For highly swept wings at moderate angles of attack a
value of 150 is generally found to be adequate. As the angle of
attack decreases, NSEGS must be increased.
ALPHA— angle of at`.ack in degrees. Default is 15°.
UINF — free-stream velocity. Default is 1.0 in nondimensionalized units.
ID — Identification number of the corresponding lifting surface geometry
file. For the wing-alone case this number is given on card 40 of
table 1.
10
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PLOT - Logical variable whose truth causes the wake and lifting surface
geometry to be plotted on the US picture system. Default is .FALSE.
STORE - logical variable whose truth causes the wake and lifting surface
geometry information to be stored on permanent file. Default is
TRUE.
IDWAKE - identification number of the wake file. MAKE is not required
if STORE-.FALSE.
{
DELTAX - x direction step used in calculating the leading edge vortex
trajectories. Default of 0.1 in nondimensionalized units. DELTAX
must increase in proportion to NSEGS.
Rl -- estimate of radius of the circular arc in the Z* plane represent-
ing the free sheet. Default in nondimansionalized units is 0.0765.
i
R2 - estimate of radius of the circle representing the fed sheet in the
Z* plane. Default is 9.25E-3.
THETA - estimate of half angle subtended by the finite circular arc in
the Z* plane. Default is 1.24 rad.
GAMO - estimate of parameter associated with the vorticity distribution
on the free sheet. Dafault in nondimensionalized units is -0.06384.
ITASHN - station code for the disposal of the plot file. The initial
default value is 1, which will cause the plot file to be sent to
the FAE PDP-11. A value of 2 causes the file to be sent to the
RJE terminal in Building 227 and a value of 3 causes it to be sent
to the central-site printer. STASHN is not required if PLOT-.FALSE.
IRKN - to reduce NSEGS to manageable levels, the integration scheme uses
a number of intermediate points to generate a single Runge-Kutta
point. This number is represented by IRKN. For angles of attack
that are suf! :iently small either NSEGS must be large or IRKN must
be increased. This also applies if the wing is not sufficiently
swept. Suggested values are NSEGS . 150 and IRKN - 10.
VLB, VUB, IPRINT, NCON, NSIDE, INFO, ITMAX, ICNDIR NSCAL SCAL, ITRM,
CTL, CTLMIN, PHE, DELFUN, DABFUN, FDCH, FDCHM, THE, NFDG, LINOBJ, CT,
CTMIN - CONMIN parameters defined in reference 5. The CONMIN parameters
PHI and THETA are denoted here by PHE and THE. For the optimization
technique to converge it was generally found that the finite differ
encing parameters FDCH and FDCHM for estimating the function deriva-
tives must be small -1.E-9. This is because of the presence of
trigonometric functions in equations (15)-(17), which could give
rise to multiple solutions for the least-squares minimization.
These parameters need not be changed in normal use.
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TFLAC, ILINL, IYLO, IY111, IZLO, Rill, IAROMIN, IARQHAX — paralriiners used
in tie subroutines for the picture system as defined in reference 9.
These parramoters need not be changed,
A typical listing is shown in table 5 for cite deltaa wing whom configura-
tion is described in table 1 0 corresponding to an angle of attack a ,. 200.
Tito dot'sult values for the Manglar-Smith parameters 91, i:2 0 THETA, and GAMO
are thoso appropriate to ar 60" delta wing at 15° angle of attack, 'These
default values were found to be adequate for all tine cases run and Save very
rapid ronvorgence. For a wing with ray paneling, the number of wakes shed
from tine leading edge is given by
NUNLS - NOPS + 1.
Currently, NSECS*NLIN gS U 10000,
'file picture system displarys the landing-edge vortex trajectories in Lite
crown-flow plan^a, Ott (y,z) coordinates being scaled with respect to tine
stream coordinate x (fig. 6). 'Tile conical-'low Assumptions imply that these
trajectories ,rust coincide for, different x-stations. Tine straight segments
represent the semi-inf'i.n:i.te line vortices from tine trailing edge, ']'his is
followed by orthogonal perspectives of Lite trajectories, figure 7.
`.Cable G siaowrq the.	 of the wnko geometry output files, con-
sisting of it number of records Arranged according to the PO T irAN formats.
Record I contains information relating to the .flow-field chararctoristics, the
niimbor of wakes NLINLS shed from the leading edge, tiler number of points
NSEGS describing each wake, the wake file identification, nand other sundry
3?OTGLM data. Record 2 contains tine wake corner-point arrays XWAKC, WAKE,
and ZWAKE, Records :3-5 contain miscellaneous information that enables POT,WAK
to Converse smoothly with the rather POTFAN modules as and when tine need arises,
To run the canard-wing cease it is necessary to call. PO'i'GEM. twice with
different Identifications. For example, the canard file could have an
ID .* 5701, while the wing has nail 11) .. 8702. This is than followed by two
calls of POTWAK with corresponding We iii its input. 'Tito output filets from
PC?' GMI and POTWAK can now be used to access they other ljOTFAN modules needed
for the aerodynamic calculation.
VVIM Module
The VVIM module computes the i.nfltionce matrices for the lifting surfaces,
each element of the matrix representing the affect of ar unit singularity such
as horseshoe or quadrilateral vortices. VVIM is needed to form part of the
set of simultaneous linear equations that represent the boundary conditions
appropriate for given angles of attack. Input to VVIM consists of geometry
films and user input-. Tits user input consists of commands (which direct the
logic .flow) and data needed to nxfect the commands. The major commands in
VVIM are the following: BREAD com mands, which cause tale geometry of sending
(influencing) and/or receiving (influenced) components to be read in; IMAGE,
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which causes the appropriate image matrices and offset vectors to be calcu-
lated; COMPRESSIBILITY, which causes geometries to be stretched to account for
compressibility effects and which causes the velocity stretching data to be
computed; SETWAKES, which can be used to change the wake shedding direction;
and INF1, which causes the actual influence matrix calculation and storing.
Output from VVIM consists of printed output and influence matrix files.
The influence matrix files are used by PSOLVE, which is the equation -solving
module, and by POTF 'OR, which is used to calculate forces, pressures, etc.
Table 7 shows the VVIM input deck for the wing -alone case of tables 1
and 5. No changes are needed in this deck to run different cases. Card 4
shows that the POTGEM file is accessed through ID - 30701. Card 6 instructs
VVIM to store the boundary condition information on a disk file with
ID - 321. NRWMAX is the number of lifting surface networks.
Table 8 shows the VVIM input deck for the canard -wing case of tables
and 3. This table is divided into four blocks; each block is similar in
structure to table 7. This division corresponds to a partitioning of the
influence coefficient matrix for the lifting surface into four submatrices
representing the canard -wing interactions
Ar (-ASEL^c^w- rcAwc Aww rw
The canard-wing case was run at a Mach number of 0.3 (card 15), so that the
Prandtl-Glauert compressibility effects must be included in the calculations,
while tab?,e 7 corresponds to a zero Mach number, so that the COMP command is
not needed. The canard POTGEM file was accessed through ID . 8701, while the
ID for the wing geometry file is 8702. The resulting partitions Acc, Acw•
Arc , and ^Aww are stored on disk file with respective ID's - 8801, 8802,
8804, and 8803. The only card which needs to be changed is card 15 for the
Mach number. To calculate the singularity strengths r, it is necessary to
augment the lifting surface, influence matrix A to include the effects of
the wake networks. This is done in the INFMAN module. The output from VVIM
consists primarily of the normal components of the induced velocities due to
the lifting surfaces. In INFMAN the effects of the shed wakes are added to
the normal velocity components to give v.N term in equation (22).
INFMAN Module
Wakes may be treated either as completely independent networks or as
parts of the lifting surfaces to which they are attached. Treating wakes as
independent networks is disadvantageous because unnecessary unknowns are intro-
duced and because pressures on panels adjacent to wake attachment lines will
be incorrect. Treating wakes as integral parts of the lifting surfaces to
which they are attached is disadvantageous because this limits wake shapes to
be in the form of singly ruled surfaces, which is unsatisfactory in the case
(23)
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of leading- and side-edge rollup, or both, because it results in inaccuracies
during calculations of the influence matrices.
The INFMAN nodule can therefore handle generally shapk_1 wakes and yet be
cognizant of the fact that wakes are attached to and dependei,h on their gener-
ating surfaces. INFMAN uses the wake corner points generated in POTWAK to
compute the influence of these finite vortex segments through the Hiot-Savart 	 {
law. This is then added onto the velocity field computed in VVIM resulting
from the lifting surfaces to give the resulting perturbation velocity v_.
Table 9 shows the INPUT deck for the wing-alone case of tables 1, 50
and 7. Some of the command formats used are described below:
1. VNADD — thi,s causes the influences of one or more wakes to be added to
the normal influence matrices (i.e., velocity-dot-normal) that do
not include the effects of the shed wakes.
At this point, the program expects the following data to be entered by the
namelist $DATA.
NCOMP — number of lifting surface networks. Default is 1.
NIWKS — number of independent wake networks. Default is 1,
IDGEOM -- array of identification numbers of the geometry files for each
lifting surface.
IDWKGM -- corresponding array for the wake file.
IDIN -- array containing the identification numbers for the normal influ-
ence matrices for the lifting surfaces including the effects of the
shed wakes.
IDOUT - -array containing the identification numbers for the revised
matrices including the effects of the shed wakes.
COROPT -- integer defining the specific type of core model. Cores are
used to alleviate unrealistically high velocities near the finite
strength line vortices that are used to represent each wake.
CORPOT J creates uniform core sizes.
COROPT 2 creates core sizes that generally depend on the geometry of
the wake. In particular, this option usually results in core sizes
that are equal to a certain fraction of the "distance" between a
segment and the closest other segment that is not on the same wake
line.
x
PARAMC — Array containing parameters defining the core size. The only
one of interest to the user is the first element PARAMC(1), giving
the core radius corresponding to the COROPT option.
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2. VEADD — this command causes the influence of the shed wakes to be added
to the velocity influence matrices that do not include shed wakes.
3. VEADD, V2ADD — similar status to VEADD.
The VNADD command is addressed pr1marily towards enforcing the boundary
conditions of equation (22) by forming the v.N terms. Commands VIADD, V2ADD
enable the resultant velocity field (v + U) Co be computed in POTFOR.
From figure 3, the length of the wing leading edge is
3^ + 1 - 3.6279. With 16 chordwise panels and for a constant core size
model COROPT . 1 the panel spacing along the leading edge is given by
3.6279/16 - 0.2267. Card 5 in table 9 shows the core radius PARAMC(1) to be
taken as half this value. As before, the geometry and wake files have
ID - 30701. The ID for the v. N
 matrix in card 4 is IDIN - 3201, thus over-
writing the ID for the corresponding matrix without shed wakes, cards 6, 8, 10
of table 7. The velocity matrix v has an identification IDOUT - 3202.
Table 10 shows the corresponding INFMAN deck for the canard-wing Case of
tables 2, 3, and 8. This consists of two blocks each of which has essentially
the same )tructure as table 9 for the single-lifting-surface case. This uses
the two geometry files with IDGEOM - 8701, 8702. For the canard the wake
file has IDWKGM - 8701. The v .N partitions for the canard corresponding
to Acc , Acw of equation (23) has IDIN . 8801, 8802, thus overwriting the
corresponding IDIN in table 8 (cards 17, 19, 21, 31, 33, 35). The v matrices
are stored with new IDOUT - 9901, 9902. Similar remarks apply to card 19 of
table 10 for the wing. The normal influence matrix of the wing is stored on a
disk file with IDIN - 8804, 8803, with the veioctty influence matrix having
IDOUT - 9904, 9903. Cards 7 and 20 show that the canard and wing use a uni-
form core model.
From figure 5, the length of canard leading edge is 21.685 with 10 span-
wise panels so that the spacing along the canard leading edge is 2.1685.
Card 7 shows that the core radius PARAMC(1) has been taken to be half this
value. Card 20 gives the corresponding value for the core radius associated
with the wing. It should be remembered that separation from the wing leading
edge takes place outboard of the canard.
The INFMAN module consumes the major portion of the CPU time. If the
program exits on time, restart operations from INFMAN with the commands VNADD,
VEADD, and VIAUD replaced by VIADD, VEADD, and STOP, respectively. The only
cards needing change are card 5 of table 9 and cards 7 and 20 of table 10.
BCDN Module
VVIM in conjunction with INFMAN generates the normal influence matrix
v.N of equation (22). The BCDN module computes the U .N matrin, from which
the singularity strengths can be then calculated by solving the set of linear
equations (22). These boundary conditions are enforced at one point of each
panel oI the lifting surfaces.
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Input to BCDN consists of POTFAN geometry files and user input. The user
input consists of commands and data needed to effect the commands. Included
in this data are geometry-file identification numbers, angles of attack and
sidesl It, and rotation rate vectors.
Output consists of printed output and boundary-condition files. The
boundary-condition files are used by PSOLVE (the equation solving program)
because they form the right sides of the systems of equations that generally
occur when analyzing aircraft by the panel method.
Table 11 shows the input deck for the wing-alone case. Some of the BCDbl
commands involved are listed below:
GREAD — reads in the required geometry information. For the wing-alone
case this ID is 30701.
BCREAD — reads in boundary condition information such as ALPHA-angle of
attack and NSETS-number of sets of boundary conditions to be
competed.
CBCV — computes the right-hand side matrix U.N.
SBCV — stores this in a file; the corresponding ID in table 11 is 3201.
Tables 12 and 13 show the BCDN input structure for the canard-wing case.
Module BCDN must be called twice, once to set up the canard boundary condi-
tions using canard geometry file 8701 and store this information on a file
with ID - 8801. This is followed by a second call of BCDN for the wing with
ID - 8702, 8802. For the wing-alone case (table 11) only the angle of attack,
ALPHA in card 4 needs changing. For the canard-wing case of tables 12 and 13,
no changes need be made. The angles of attack appearing in cards 4 are sub-
sequently overwritten in POTFOR.
The linear equations (22) are solved in PSOLVE for the singularity
strengths.
PSOLVE Module
PSOLVE uses ati LU decomposition method with partitioning developed by the
Boeing Company. Input to PSOLVE consists of influence matrix files created by
VVIM and INFMAN, right-hand side vectors created by BCDN, and u4w input. The
user input consists of commands and data needed to effect the commands.
The output from PSOLVE consists of printed output, solution files, and
inverted or partially inverted influence matrices. The solution files are
used by POTFOR to calculate the forces, moments, pressures, etc.
Tables 14 and 15 display the PSOLVE input decks for the wing-alone case
and the canard-wing case, respectively. These decks need not be changed during
runs. The user input is entered by the namelist $DATA and consist of:
i
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NCOMP -- number of lifting surfaces. Default is 1.
IDIN — influence matrix ID.
IDBC — boundary condition (-U.N) ID.
IDS -- solution file ID created as a result of PSOLVE.
For the wing-alone case IDIN a 3202, corresponding to IDOUT 3202,
card 4 of table 9. Again, IDBC - 3201, corresponds to card 7 of table 11.
The solution ID is now carried over to 3201, overwriting previous information.
Table 15 is essentially a generalization of table 14. Elements of the
IDIN array of table 15 correspond to IDOUT in cards 6, 19 of table 10.
IDBC a 8801, 8802 is transmitted by cards 7 of tables 12 and 13. The singu-
larity strengths re, rw , corresponding to the canard and wing, respectively,
are stored in files with IDS - 8803 0 8804.
POTFOR Module
Finally, POTFOR calculates the forces, moments, pressures, etc., using
the Kutta-Jankowski equation
AP - cr_y xAt	 (24)
Input to POTFOR consists of POTFAN velocity-influence matrix files, solu-
tion files, geometry files, and user input. The user input consists of com-
mands and data needed to effect the commands. The seven major POTFOR commands
are the following (tables 16 and 17).
1, READ — reads in geometry and singularity data for a network. The follow-
ing data is expected from the $DATA namelist.
IDG ID of geometry file.
For table 16, this is 30701, while for the canard-wing case of table 17
IDG . 8701 for the canard file and IDG - 8702 for the wing geometry file
(cards 4, 5, 31 and 32).
2. ATTITUDE — this causes attitude data to be read in. The following data
is entered via $DATA namelist.
IDSF - ID of solution file. This is the output from PSOLVE
module.
For the wing-alone case IDSF n 3201, card 3 of table 14. For the canard-wing
case IDSF - 8803, 8804, from card 2 of table 15.
3. COMBOS — this command determines a transformation matrix from which the
"combinations" may be determined from the "cases." By definition, a
caste corresponds to a boundary condition vector calculated by the
boundary condition program and for which a solution vector was
determined by the equation-solving program. A combination is a
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.linear combination of cases. For example, the solutions for two
different angles of attack may be combined to yield solutions for
many different angles of attack.
This command must be preceded by a READ command. All groups are dropped
except those containing the geometry information. Subsequent commands may
thus overlay whatever force information has been computed at this point.
The COMBOS command is regw'.red after every ATTITUDE command provided that
the desired combinations are different from the cases.
The program expects the following input by the $DATA namelist:
NCOMB - :Cumber of combinations.
ALPHA - angle of attack.
4.	 NETLOADS — this calculates the net forces and moments using the Kutta-
Jonkowski equation (24). The following data is input from the $DATA
namelist:
NCOMP - total number of lifting surfaces. Default is 1.
IDVE - identification numbers for the boundary condition veloc-
ity Influence matrices,
IDS . ID for the solution vector of the lifting surfaces that
have a velocity influence on the current surface.
PRINTV - logical variable whose truth causes the net velocities
at the boundary condition points to be printed. Default
is .FALSE.
In table 15, IDVE corresponds to IDOUT - 3202 of the INFMAN module
(table 9), while IDS corresponds to IDS - 3201 of PSOLVE (table 14). A
similar generalization holds for table 17, in comparison with tables 10 and 15..
S.	 PRESSURES -- computes pressure distributions on the lifting surfaces.
This requires the following data:
POPT - 0 computes pressure in the usual way (^P.N/area), the
default value.
6.	 SPANLOADS — calculates span loads and requires the following input in 	 A
$DATA namelist:
SOPT - integer variable whose value determines what types of
spanloads will be calculated. Default is 0. This causes
the spanloads to be normalized by the local chord and
resolves in the wind-centered coordinates. This produces
section lift and induced drag.
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SOPT - 1 spanloads normalized by average chord CAVE,
CAVG - FLT(3) of POTGEM
7.	 NETK — similar in purpose and organization to the NETLOADS command, but
•+ can also include edge suction forces for thin lifting surfaces.
From the user standpoint however, table 16 for the wing-alone case needs
no changes, while table 17 for the canard-wing case requires only one change
r
for the angle of attack at card 9
POTFOR Output
x
The POTFOR output for the wing-alone case is displayed in table 18.	 The
forces, moments, and pressures are calculated from equation (24).	 The POTFAN
program uses two versions of this formula: 	 an approximate or modified version
that uses the mean velocity over each panel. 	 This is computationally faster
and better able to model curved surfaces. 	 The exact version uses the correct
velocity	 v	 on the panel boundary and gives good agreement with experiment
for the wing-alone case.	 The approximate version consistently gave worse
results.	 However, for the canard-wing case, sometimes the approximate ver-
sion performed better. 	 In table 18, the first eight outputs correspond to the
c = approximate version and the last three to the exact version.
1.	 VELOCITY AT CONTROL POINT LOCATIONS:	 This contains the velocity compo-
nents
	
u, v, and w
	
at each of the panel control points at which the
boundary conditions 22 are enforced. 	 13 - 1
	
indicates the wing has
E' no thickness or camber.
The index 12 runs from 1 to NBPV - 8, which is the number of spanwise panels
and Il runs from 1 to NBP9 - 16, the number of chordwise panels. The ray
nearest the leading edge corresponds to 12 - 1. The u,v components on this
ray are fairly uniform near the apex and trailing edge, indicating nearly
conical flow. However, within the interior of the wing, the flow field is
less conical. The w-components throughout are very small, as indeed they
must be, because the flow must be tangential to the wing as indicated by equa-
tion (22).
2. NORMF, NORMM, ADD: These are defined by:
NORMF . normalization factor to convert dimensional forces to
coefficients;
NORMM(1,2,3) . normalization factors to convert dimensional
moments to nondimensional coefficients;
ADD - logical variable whose truth causes accumulation of
forces and moments.
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NORMF, NORMM(1,2,3) are defined by:
NORMF - 1/FLT(1);
NORMM(1) . NORMF/FLT(2);
NORMM(2) - NORMF/FLT(3);
NORMM(3) - NORMF/FLT(4)
where FLT is accessed through the geometry files. Table 1 shows that
FLT - (1.7437, 1.0, 3.4874 , 1.0), so that NORW .- 0.513 as indicated in the
output display.
3. 0OMBINATION:1 lifting surface. (FX,FY,FZ) and (MOMX,MOMY,MOMZ) are the
net force and moment coefficients on the network. (FXW,FYW,FZW) are
the force coefficients in the wing centered coordinate system with
FXW - drag, FYW - side force and FZW - lift. (MOMXW,MOMYW,MOMZW)
are corresponding the moments coefficients with MOMXW - rolling
mo: +- t, MOMYW - pitching moment, and MOMZW - yaw moment.
4. COMPUTAM.A OF PRESSURES: The default value of SOPT in the PRESSURE
command is POPT - 0. In figure 3, S,V corresponds to the x,y
coordinates. Table 18 then shows the spanwise variation of pressure
coefficients.
5. SPANWISE LOAD DISTRIBUTION; Reference chord . CAVG - F"J(3) of POTGEM.
Components of the force on each spanwise row of panels are FXBW,
FYBW,FZBW. These forces are made nondimensional by the product of
the dynamic pressure and CAVG. These are expressed in the wind cen-
tered coordinate system. For a wing with ray paneling the longi-
tudinal load coefficient is given by
C Ts
s
 4Cpdy
n 
-	
b/2
	 - (FXISW) 2 + (FZB (25)
where b is the wing span and s is the local semispan.
6. VELOCITY AT NI FORCE SENSING LOCATIONS
7. NET FORCES CAUSED BY NI VORTEX SEGMENTS
8. VELOCITY AT N2 FORCE SENSING LOCATIONS: This velocity information is not
directly relevant to the user. It contains intermediate calcula-
tions for assembling the velocity contribution in the N1, N2 direc-
tions. The correct use of equation (24) requires the velocities be
calculated along the panel boundaries rather than using a mean veloc-
ity at the control points. POTFAN arranges the corner points in a
rectangular grid sparated by directions N1, N2 corresponding the
number of corner points along the leading edge, and number of points
characterizing each shed wake.
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The composite effect is described in the following headings, which give
the output of the second method of computing the forces and pressures.
9. NET FORCES CAUSED BY N1 AND N2 VORTEX SEGMENTS: These give the force and
moment coefficients for the exact use of 24.
'	 10. COMPUTATION OF PRESSURE
11. SPANWISE LOAD DISTRIBUTIONS
The layout of the output for the canard-wing case is virtually the same,
and comes in two blocks corresponding to the canard and wing, respectively.
The Advanced Panel Code
The user's manual for operating the pilot version of the APC is given in
reference 10. The user has to prepare a subroutine INPUT written according to
the specifications given in reference 10. This must contain in particular, a
mechanism for calculating and accessing the wake corner points for the leading-
edge vortex trajectories. This interfacing is done through POTFAN geometry
and wake files.
Table 19 contains a listing of the subroutine INPUT for the wing-alone
case already encountered in POTFAN. The user input is entered through name-
lists DATAO, . . . O DATA4. The variables involved are defined through a series
of comment cards. The program distinguishes lifting surface networks and wake
networks through an integer NTD. which is 18 for a wake and 12 for a lifting
surface.
There are two wake networks: a wake network from the leading edge and a
semi-infinite sheet from the trailing edge. The m • st convenient way of gen-
erating the latter is to create a second fictitious semi-infinite rectangular
wing attached to the trailing edge of the actual wing. This is done through a
POTGEM file shown in table 20, which is very similar to table 1.
A rectangular wing of length 9500 units and semispan 1 is used. This
arrangement has 15 panels spanwise and one chordwise panel. The ROSS command
is used in cards 30, 31 to position the wake at the wing trailing edge. The
POTGEM file for the actual wing is identical to that in table 1. While POTFAN
was not sensitive to the direction of the final semi-inf iaite vortex segment
from the leading edge, the APC was sensitive to this direction. It was found
desirable to orient this line at an angle a/2 to the plane of the wing. So
that FLT(5) on card 33 must be replaced by cos a/2, 0, sin a/2. It should be
noted that NBPS for the trailing-edge wake, card 6 of table 20 must have the
same value of NBPV for the wing, so that the grid point along a common bound-
_•	 ary are identical.
The data for the subroutine INPUT is given in table 21; almost all of
this data block are APC variables which are described in referance 10. The
data organization is summarized below:
21
First read statement at line 71.
Second read statement at line 218.
Third read statement at line 221.
Fourth read statement at line 257
Fifth read statement at lice 259 •--
Sixth read statement at line 362 —
Seventh read statement at line 381
Eighth read statement at line 383
I
Read in $DATA2 namelist.
Read in $DATA3 0
 within the DOLOOP1000.
^$DATA1
$DATA4
$DATAO
- $DATA1
$DATA4
A
The leading-edge wake corner points are accessed between lines 360 and
379. This is the information contained in table 6. The subroutines OPENR
and RELFIL are part of the POTGEM module and are described in reference 6.
The APC uses a main overlay program called FEE, which must have its argument
list expanded up to tape 20 to be compatible with the POTFAN disk file system
so that
OVERLAY (FEE,0,0)
PROGRAM VEE (INPUT, OUTPUT, TAPE1,.....
TAPE 4, TAPE 5 a INPUT, TAPE 6 - OUTPUT,
TAPE 7......, TAPE 20)
STOP
END
This sequence of cards is placed at the end of the subroutine INPUT. The
job control cards are shown in table 22. The program organization is &hown in
figure 8.
A major drawback of the technique is the current upper limit of a 1000
panels for all the networks. To get realistic results for the wing-alone case
requires about 990 panels. It is felt that currently comparable results are
not possible for the canard-wing case with this restriction.
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TABLE 4.- PARTIAL LISTING OF CANARD POTGEM PILE FOR INPUT OF TABLE 2
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TABLE 5.- POTWAK INPUT DECK FOR DELTA WING
1
$DATA
NSEIGS - 150,
ALPHA - .2G+02,
MACH - 0.0,
UINF - .1E+01,
ID - 30701,
PLOT - T,
STORE
- T,
IDWAXE - 30701,
DELTAT - .lE+00,
Rl - .1,3429E+00,
R2 - .69487E-01,
THETA .95833E+00,
GAMO - .22767E+00,
STASHN - 1,
FACTR - .5E+00,	 .lE+01, ,lE+01,
	 ,lE+01,
XVAL - .1.E+O1,
DELTAX - .3E-01,
EPS - .1E-01,
IFLAG - 0,
ILINE - 2,
IYLO
- 125,
IYFII - 925,
IZL0 - 125,
IZHI - 925,
IARGMIN - 125,
XARGWAX - 925,
IRKN - 10,
VLB - .1.E-02,	 .1E-02, 0.0,	 -.5E+03,	 -1,	 -1,	 -1,	 -1,	 -1,,
VUB - .5E+03,	 ,5E+03, .15707963268E+01,
	 .5E+03,
-1,	 -1,	 -.1,	 -I, -1
28
ORIGINAL PAGE 19
OF POOR, QUALITY
TABLE 5.- CONCLUDED.
,
IPRINT = 1,
NCON = 1,
NSIDE = 1,
INFO = 1,
ITMAX = 500,
ICNDIR = 0,
NSCAL = 0,
SCAL = -1,	 -1,	 -1,	 -1,	 -1,	 -1,	 -1,	 -1,	 -1,
ITRM = 2,
CTL - -.1E-01,
CTLMIN = .1E-02,
PHE = 0.0,
DELFUN - .1E-08,
DABFUN - .lE-080
FDCH - .1E-09,
FDCHM - .lE-14,
THE - 0.0,
NFDG = 0,
LINOBJ = 0,
CT = -.5E-01,
CTMIN = 0.0,
$END
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TABLE 6.- WAKE GEOMETRY OUTPUT FILES
1ST RECORD
NTITL=40
(TITL(NTITL))--ALPHANUMERIC TITLING INFORMATION FROM THE GEOMETRY
FILE CORRESPONDING TO THE COMPONENT TO WHICH THE WAKE IS
ATTACHED,
NRECS =5
(IFORM(NRECS))-- 1,1,0,0,1
NID=2
ID(1)---- ID NUMBER OF SURFACE TO WHICH THE VORTEX IS ATTACHED.
ID (2)--ID NUMBER OF WAKE FILE
NLOG =1
LOG(1)- -NOT USED.
NINT=4
INT(1)--NSEGS, THE NUMBER OF CORNER POINTS AND SEGMENTS DESCRIBING
EACH SHED VORTEX LINE, THE FINAL SEGMENT IS AN INFINITE
LENGTH SEGMENT DEFINED PARTLY BY DIRECTION VECTORS. THUS
THE NUMBER OF CORNER POINTS IS REALLY NSEGS AND NOT NSEGS-1.
INT(2)--NLINES, THE NUMBER OF SHED VORTEX LINES.
INT(3)-- N1, THE NUMBER OF N1 DIRECTION CORNER POINTS ON THE
COMPONENT FROM WHICH THE WAKE IS SHED,
INT(4)--N2, THE NUMBER OF N2 DIRECTION CORNER POINTS ON THE
COMPONENT FROM WHICH THE WAKE IS SHED.
NFLT= J
FLT(I)- -NOT USED, BUT RESERVED FOR MACH NUMBER,
FLT(2)- -ANGLE OF ATTACK CORRESPONDING TO THE WAKE GEOMETRY..
FLT(3)- -UINF, THE FREE STREAM VELOCITY. USUALLY JUST 1.0.
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TABLE 6.- CONTINUED.
1
RECORD 2
J1=NSEGS
J2=NLINES
J3=3
NW=NSEGS*NLINES*3
(XWAKE(NSEGS,NLINES)), CYWAKE(NSEGS,NLINES)), (ZWAKE(NSEGS,NLINES))--
X, Y, AND Z POINTS DEFINING, IN PART, THE GEOMETRY OF THE SHED
WAKE. THE WAKE IS COMPOSED OF NLINES LINES AND EACH LINE IS
REPRESENTED BY NSEGS-1 FINITE SEGMENTS AND ONE SEMIINFINITE
SEGMENT.
RECORD _3
J1=NLINES
J2=1
J3=1
NW=NLINES
(IIINDX(NLINES))--ARRAY GIVING THE 11 INDEX OF THE CORNER POINT
ON THE GENERATING SURFACE FROM WHICH THE WAKE IS SHED.
RECORD 4
J1=NLINES
J2=1
J3=1
NW=NLINES
(I2INDX(NLINES))--ARRAY GIVING THE 12 INDEX OF THE CORNER POINT
ON THE GENERATING SURFACE FROM WHICH THE WAKE IS SHED. FOR
EXAMPLE, THE 4TH VORTEX LINE ORIGINATES AT THE I'1=IIINDX(4)
AND I2=I2INDX(4) CORNER POINT CORRESPONDING TO THE GEOMETRY
FILE WHOSE IDENTIFICATION NUMBER IS ID(1).
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TABLE 6. CONCLUDED.
RECORD 5
JI=NLINES
J2=3
J3=1
NW=3*NLINES
(UVWX(NLINES)), (UVWY(NLINES)), (UVWZ(NLINES))-=ARRAYS THAT DEFINE
THE DIRECTION OF THE FINAL SEGMENT IN EACH VORTEX LINE. NOTE
THAT THE FINAL SEGMENT IN EACH LINE IS INFINITE IN LENGTH. 1
ALSO, BY DEFINITION, UVWX(I)**2+UVWY(I)**2+UVWZ([)**2=1
WHERE 1 .LE. I ,LE. NLINES.
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TABLE 9.- INFMAN INPUT DECK FOR DELTA WING
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TABLE 13.— BCDN INPUT DECK FOR CANARD
—WING CASE (WING)
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Figure l.- Mangler-Smith Vortex h,*,lup Analysis.
86
Y5
ORIG,#NAL PAG IS
OF POOR QUALITY
C
(b) Approximation sheet
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Figure 1.- Continued.
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(c) Transform of figure 1(h).
Figure 1.- Concluded.
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Figure 2.— POTFAN system.
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Figure 3.- Singularity panels with flow separation on all sides.
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CANARD WING
L.E. SWEEP ANGLE 51.7° 50°
ROOT CHORD 17.01 20,8
TIP CHORD 3.50 6.77
AREA 28111.73 1	 1032.2
DIMESNIONS IN cm	 DISTANCE OF AEP,ODXNAMIC CENTER
FROM NOSE - 50.14
Figure 4.- Close-coupled canard wing-model of reference 8.
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(91.81, 25.40)
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Figure S.- Planform boundary curves in POTGEM..
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w Figure 6.- Vortex rollup for delta wing at 200 angle of attack.
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Figure 7.- Different views of trajectories.
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Figure 8.- Program structure for APC with POTGEM,POTWAK.
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